ABSTRACT: Aiming at the drawbacks of poor contrast, fuzzy edge and insufficient texture information widely existing in infrared images, a detail enhancement method of infrared images based on second-generation wavelet cumulative probability is proposed. Firstly, the algorithm decomposes infrared images for the second-generation wavelet mono-layer, and the cumulative probability distribution function is used to calculate the detail histogram equalization of the infrared images, then the histogram equalization is processed respectively. The comparison of several algorithms shows that the proposed method is outstanding in image detail in the digital detail enhancement of infrared image, and the noise suppression effect is good.
The own factors of infrared sensor resulted in low signal-to-noise ratio of infrared image, and there are many disadvantages such as fuzzy edge of objective and background, poor contrast and so on in the infrared images. Therefore, it is necessary to enhance the details of infrared images [1, 2] . The enhancement algorithms of infrared image basically have the following categories: Category One is the algorithm of histogram statistical equalization processing in the airspace. For instance, Su Zhiyuan proposed to set high threshold TH, low threshold TL and by the optimal window and conducted balanced processing in the [TH TL] gray value, then conduct equidistant equalization algorithm in the whole gray interval [3] . Song Yanfeng et al. conducted histogram statistics by means of infrared image gray value, set the upper limit and lower limit of statistical value, equalized the gray statistics value within the limit, then conducted evenly spaced processing of the gray value after the equalization [4] . Category Two is the algorithm based on transform, such as the adaptive color image detail enhancement algorithm based on wavelet transform put forward by Xu Tao [5] , and the infrared image nonlinear enhancement algorithm of Contourlet transform put forward by Shi Dan [6] . Category Three is the combination of airspace and frequency domain, namely, to extract the image details and strengthen them through the filter, for instance, Yang Jiahong et al. extracted the image details through the double domain filter, used the improved value normalization method to enhance the infrared image details [7] . And the infrared image enhancement algorithm based on airspace and frequency domain processing put forward by Liu Bin et al. [8] The above algorithms did not restrain noise and caused noise to be amplified in enhancing infrared image details, although the infrared image contrast was enhanced, the signal-to-noise ratio became decreased. Aiming at these problems, the cumulative probability distribution function is used to capture the detail histogram of infrared images decomposed by the second-generation integer wavelet, so as to suppress noise, highlight the fuzzy edge detail of images and realize digital infrared image enhancement under the noise suppression by setting the background noise and target of cumulative probability ratio difference.
DENOISING OF INFRARED IMAGE NOISE CUMULATIVE PROBABILITY DISTRIBUTION
The main algorithms of infrared image noise processing are as follows:wavelet hard threshold, soft threshold, 3σ rules and so on; the above algorithms are detail processing wavelet coefficients based on fixed threshold, and they did not determine the threshold for processing according to the positive and negative wavelet coefficient distribution. To solve this problem, it is proposed to respectively count cumulative probability distribution for the wavelet coefficient of positive and negative on the details so as to determine the thresholds respectively, and the expression is as follows:
Wherein, cdf is the cumulative probability distribution function; max is the maximum of positive (negative) wavelet coefficient on the details; i is the wavelet coefficient on the details, p is the cumulative probability ratio.
A lot of infrared image denoising experiments show that p values are between 0.8 ~ 0.9 in denoising and preserving image details. The positive (negative) wavelet threshold T on each detail of ch、cv、cd can be obtained after positive (negative) wavelet calculation after n cycles on details. When the wavelet transform value at a location is greater than the threshold, the original value is kept, otherwise, it will be zero.
DIGITAL DETAIL ENHANCEMENT ALGORITHM OF INFRARED IMAGES

Algorithm description
The algorithm uses the second-generation wavelet integer enhancing algorithm (i.e., second-generation wavelet integer transform) [9] , conducts mono-layer decomposition for the infrared images, the specific algorithm is described as follows:
(1) The db1 second-generation wavelet integer enhancement algorithm is used to decompose mono-layer two-dimensional discrete wavelet of the infrared images, the decomposition coefficients cA of the low frequency sub-band are obtained, which are respectively corresponding to the horizontal, vertical and diagonal high frequency subband decomposition coefficients cH, cV and cD;
(2) Positive factor coefficient (greater than 0 ) and the negative coefficient (less than 0) cumulative probability distribution function of
CDF of cH, cV, cD are obtained respectively ， the formula is as follows:
Wherein, min, max corresponds to the minimum and maximum of high frequency subband positive decomposition coefficient (or negative coefficient), 总 n corresponds to total value of high frequency subband decomposition positive coefficient (or negative coefficient), i n corresponds to i numerical value of high frequency subband decomposition positive coefficient (or negative coefficient);
，p value is set so as to obtain the corresponding threshold T of three high-frequency subband decomposition positive coefficients (or negative coefficients); (4) According to the corresponding threshold T of three high-frequency subband decomposition coefficients (or negative coefficients), if the absolute value of the positive and negative coefficients of the three high-frequency subband decomposition coefficients cH, cV, cD is larger than the threshold T, the wavelet histogram is equalized, if the coefficients less than the threshold T is set to be zero, then the new coefficients of three high-frequency subband decomposition are calculated. The computation formula is as follows:
G(x) is histogram equalization algorithm, the computation formula is as follows:
In Formulas 3, 4, x is the decomposition coefficient of three high frequency subband, ) (x f is the enhanced new coefficient. (5) Reconstruct the decomposition coefficient cA of low-frequency subband and three new coefficients of high frequency subband for second generation wavelet, the details enhancement infrared images are obtained.
2.2
Evaluation index of algorithm performance The information entropy of the image (H), average gradient ( G ) and peak signal to noise ratio (PSNR) are used to objectively evaluate the algorithm [10] , they are defined as follows:
2) Average gradient:
3) Peak signal to noise ratio:
In Formula (5), q is the pixel value of infrared images, n q is the frequency of pixel q value, p q is its probability; in Formulas (6) and (7), m, n respectively represents the rows and columns infrared images, i, j are the pixel coordinates value of infrared image, ) ,
is the enhanced image. According to image information theory, the information entropy of the image is an important index to measure the amount of image information. If the information entropy H is bigger, indicating the more details of the image, the clearer the image, the better the contrast, that is, the algorithm has a better enhancement effect.
The average gradient is an important index to measure the clarity of the image, the larger the average gradient, the clearer the image. The peak signal to noise ratio is an important index to measure the degree of noise suppression, the greater the peak signal to noise ratio, the better the noise suppression effect.
EXPERIMENTAL RESULTS AND ANALYSIS
MATLAB is adopted as the experiment tool to conduct the compared experiment simulation of the algorithm in this paper, the classic histogram equalization, homomorphic filtering, Literature [3] and [4] algorithms, programming. The experimental subject is the infrared image, and the experiment results are shown in Figure 1 . (a) the algorithm of this study (b) the histogram of the algorithm in this study Figure 6 . The algorithm of this study and its histogram.
In Fig 1, the homomorphic filtering enhancement coefficient is to be
, the sharpening parameter: c=1.3; the upper platform threshold in Literature [4] algorithm is to be 300, the lower platform threshold is to be 30; the cumulative probability distribution ratio of the algorithm in this study p=0.85.
From the perspective of the human naked eyes, the histogram algorithm, homomorphic filtering algorithm have a higher brightness for infrared image enhancement on the overall in these several algorithms, because some of them are too bright, the details are obviously lost (such as the fuzzy edge of the image on the right side of the building and other information); compared with the above 2 algorithms, the algorithms of Literature [3] and [4] have a relatively better vision, but details are not enhanced, and the details are also lost; And the algorithm in this study has an obvious enhancement for the edge details of infrared image compared to the original image with a clear vision and better visual effect.
Algorithms are conducted with qualitative analysis from the subjective perspective in the above, then, the three performance indexes pf information entropy (H) of the image, the average gradient ( G ) and peak signal-to-noise ratio (PSNR) are used to conduct quantitative analysis and to objectively evaluate the five kinds of algorithm, the calculation results are shown in Table 1 . It can be seen from the value of information entropy (H) that the algorithms with the information of the enhanced infrared image is larger than that of the original image are: the homomorphic filtering algorithm and the algorithm of this paper, indicating the two algorithms are better the other three algorithms in the aspect of image detail enhancement, but because the homomorphic filtering amplifies the background noise, resulting in huge image formation, large information entropy. The enhanced infrared image by the algorithm of this paper has less noise and better enhancement effect in the aspect of vision compared with homomorphic filtering.
From the aspect of average gradient ( G ), the algorithm in this study has a maximum average gradient value compared with other algorithms, indicating the infrared images show that the enhanced infrared image has a better brightness, the algorithm in this paper has the best effect.
From the aspect of peak signal-to-noise ratio (PSNR), the algorithm of the peak signal-to-noise ratio in this paper is the maximum, showing that in the enhanced infrared image has the best noise suppression effect.
Based on the above subjective and objective analyses, the algorithm of this study is better than other four kinds of algorithms in the perspectives of the details enhancement and noise suppression of the infrared image.
CONCLUSION
In view of the drawbacks of poor contrast, fuzzy edge and insufficient texture information widely existing in infrared images, a digital detail enhancement method of infrared images based on second-generation wavelet integer transform cumulative probability is proposed. The comparison of tests shows that the algorithm is outstanding in image detail in the enhancement processing of infrared image digital detail, and the noise suppression effect is good.
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